Abstract. The purpose of the present study was to develop and design pectin and polyvinyl pyrrolidone (PVP) blended hydrogel membranes (PEVP), with different pectin: PVP ratios (1:0.2, 1:0.4, 1:0.6, 1:0.8 and 1:1 w/w), which were prepared by using a conventional solution casting technique. An attempt has been made to characterize the hydrogel membranes by various instrumental techniques like, FTIR (Fourier transform infrared) spectroscopy, X-ray diffraction (XRD), Differential scanning calorimetry (DSC), tensile strength test and scanning electron microscopy (SEM). The release patterns of the drug (salicylic acid) from the hydrogel membrane were done in three different release mediums (pH 1.4, pH 7.4 and distilled water) and samples were analyzed spectrophotometrically at 294 nm wavelength on a UV Vis spectrophotometer. MTT assay was done to ensure cytocompatibility of the pectin/PVP hydrogel membranes using B16 melanoma cells. FTIR spectroscopy indicated the presence of secondary amide (I) absorption bands. The XRD study shows decrease in crystallinity of the hydrogel membranes with increase in PVP ratio. DSC study shows an increase in T g of pectin after blending with PVP. It was found that tensile strength increases with increasing PVP ratios in the hydrogel membranes. The prepared hydrogel membranes were found to be biocompatible with B16 melanoma cells.
INTRODUCTION
Hydrogels are polymeric networks, which absorb and retain large amount of water. Their hydrophilic surface has a low interfacial free energy in contact with body fluids, which results in a low tendency for protein and cells to adhere to these surfaces. Moreover, the soft and rubbery nature of hydrogels minimizes irritation to surrounding tissues. As a result, in comparison to other synthetic materials, hydrogels resemble nature living tissues closely in their physical properties due to their high water contents and softness, which also contributes to biodegradability and biocompatibility. Therefore, it can find applications in different technological arias such as materials for contact lenses and protein separation, matrices for cell encapsulation and devices for controlled release of drugs and proteins (1) (2) (3) (4) (5) . Pectin is one of the major constituents of citrus by products and has good gelling properties (6-7) chemically; pectin is poly α 1-4-galacturonic acids, with varying degree of methylation of carboxylic acid residues (8) . Pectin has been used since long time by the researchers as a potential drug carrier for colon specific drug delivery (9) (10) (11) (12) (13) . However pectin films have low thermal stability and poor mechanical properties, hence it was blended with different polymers to improve its thermal and mechanical stability (14) (15) (16) (17) . As a water-soluble polymer polyvinyl pyrrolidone (PVP) has beneficial effect on protection, viscosity, absorbency, solubilization, with its most significant features being excellent solubility and biocompatibility. Additionally, PVP has low toxicity and it is used in medical, food, cosmetics and as a film-forming agent (18) . PVP is a component of hydrogels that is widely used for biomedical applications (19) its monomer N-vinyl pyrrolidone has been copolymerized with acrylic acid, methacrylates and other vinyl monomers for their application in contact lenses (20) , for the controlled delivery of drugs (21) , and for immobilization of the enzyme lipase (22) . Recently a great deal of interest has been shown by few workers on synthesis, characterization and swelling studies of PVP based hydrogels (23) (24) (25) (26) . Considering the film forming property of PVP, it was blended with pectin to improve its mechanical properties. Attempts were made to characterize the hydrogel membranes by FTIR, XRD, DSC and tensile test. The in vitro drug release of SA (model drug) through the hydrogel membranes were evaluated by using modified Franz diffusion cell.
EXPERIMENTAL

Materials and Methods
Pectin (MW~30,000-100,000), glutaraldehyde (GA) 25% solution and salicylic acid (SA, a model drug) were purchased from Loba-chemie Indoaustranal Co. Mumbai, India. Poly vinyl pyrrolidone (MW 40,000 and viscosity 2.4CP) was purchased from Sisco research laboratories, Mumbai, India. Hydrochloric acid 35% pure was obtained from Merck Limited, Mumbai, India. Double distilled water was used throughout the study. B16 melanoma cells, dimethyl sulphoxide (DMSO), and MTT solution were obtained from Department of Biotechnology, Indian Institute of Technology, India.
Preparation of Hydrogels
Fifty milliliters of 10% (w/v) of pectin solution in water was taken in a beaker. To the pectin solution 50 ml of PVP solution (containing 1, 2, 3, 4, 5 g of PVP so as to give pectin: PVP ratios, (1:0.2, 1:0.4, 1:0.6, 1:0.8 and 1:1) was added with continuous stirring to get a homogeneous mixture. A glutararaldehyde reagent (0.2 ml HCl + 1 ml GA) was added as a crosslinking agent to the solutions and resulting dispersions were stirred at room temperature for half an hour for proper reaction between pectin and PVP. The thick dispersions so obtained were converted in to hydrogel membranes by conventional solution casting method by casting on glass petri plates. The hydrogel membranes were allowed to dry at room temperature for 72 h. The hydrogel membranes so obtained were peeled of and thoroughly washed with distilled water to remove HCl and GA if any. The hydrogel membranes obtained were named as PEVP-1, PEVP-2, PEVP-3, PEVP-4 and PEVP-5.
Characterization
The FTIR spectrum of Pectin hydrogel membrane and pectin/PVP hydrogel membranes were taken in the range of 4,000-400 cm −1 as KBr pellet and Attenuated total reflectance (ATR) technique with the help of FTIR spectrophotometer (NEXUS-870, Thermo Nicolet Corporation) at 19°C temperature. In the FTIR studies of the prepared membranes a uniform resolution of 4 cm −1 was maintained and the number of scan used was 32.
For the X-ray diffraction study the raw materials and the pectin/PVP hydrogel membranes were subjected to X-ray diffraction (XRD-PW 1700, Philips, USA), at 19°C temperature, using Cu Kα radiation generated at 40 kV and 40 mA; the range of diffraction angle was 10°-70°2θ. The % crystallinity from the XRD plots were calculated by using Fit gaussian method with the help of origin software. It was calculated by using the following formula; % Crystallinity ¼Crystalline aria=Total area Â 100 ð1Þ
Differential scanning calorimetry was done in the DSC unit (Netzsch DSC-200 PC Phox, Germany). The samples were heated in a closed aluminium pan at a rate of 40°C/min from −75 to 255°C. Nitrogen was used as a purge gas with a flow rate of 50 mL/min.
The tensile strength of the Pectin/PVP blended hydrogel membranes were carried out using Hounsfield H10KS tensile testing machine. Cross-Head Speed: 50 mm/min, Temperature: 18°C and Relative Humidity: 60%
The morphology of pure pectin, PVP and pectin/PVP blended hydrogel membranes have been investigated by using a Scanning electron microscope (CAMSCAN-2, JEOL, Japan).
Drug Loading
Drug release from the crosslinked pectin/PVP hydrogel membrane was studied by using salicylic acid (SA) as a model drug. SA was incorporated in the hydrogel membrane by diffusion method. The pectin/PVP hydrogel membrane was immersed for 5 h in SA solution in acetone (1 g SA in 10 ml acetone). The drug loaded hydrogel membrane was washed with distilled water to remove the drug adhered on the surface of the membrane.
Preparation of Buffer Solutions
The pH buffers were prepared according to Indian pharmacopoeia 1996. Buffer solution of pH 1.4 was prepared by taking 50 ml of 0.2 M KCl and 53.2 ml 0.2 N HCl in volumetric flask to make volume 200 ml with distilled water. 0.2 M KCl solution was prepared by dissolving 14.912 g of KCl in distilled water to make the volume 1,000 mL with distilled water. Buffer solution of pH 7.4 was prepared by taking 50 ml of 0.2 M KH 2 PO 4 and 39.1 ml of 0.2 N NaOH in volumetric flask to make volume 200 ml with distilled water. 0.2 M KH 2 PO 4 was prepared by dissolving 27.218 g of KH 2 PO 4 in distilled water to make the volume 1,000 ml with distilled water.
Drug Release Study
The drug (SA) loaded Pectin/PVP hydrogel membrane (PEVP-5) was put in a 100 ml beaker containing 100 ml of distilled water and was mechanically stirred with a magnetic stirrer. Samples were periodically withdrawn from the beaker using a 1-mL pipette and the volume of the withdrawn samples was replaced with distilled water. The drug release study was also carried out at pH 1.4 and pH 7.4 by using the same method. Then samples were analyzed spectrophotometrically at 294 nm wavelength on a UV Vis spectrophotometer.
Swelling Study
The hydrogel membranes (PEVP-1 and PEVP-5) were immersed directly in buffer solutions of pH 1.4, 5.4, 7.4 and 9.4 (prepared as per Indian pharmacopoeia 1996) at room temperature for 72 h and thereafter the swollen product was dried at 37°C under vacuum to a constant weight. The equilibrium percentage of swelling (% swelling) of the product was calculated as
Where W S is the weight of the product after hydration for 72 h and W D is the weight of dried test sample (27) .
MTT Assay
B16 melanoma cells were used to evaluate the biocompatibility of hydrogel membranes by MTT (3-[4, 5-dimethylthiazole-2-yl]-2, 5 diphenyltetrazolium bromide) assay (28) . Cells were seeded into a 96-well microplates at 3,000 cells per well. The medium was removed after 24 h of plating and fresh media containing different concentrations of polymers (1-100 μg/ml) were added. After incubation for 1 h the medium was discarded, the cells were washed twice with phosphate-buffered saline (PBS: 150 mM NaCl; 1.9 mM NaH 2 PO 4 ; 8.1 mM Na 2 HPO 4 ; pH 7.4) and 50 ml of 5 mg/ml MTT solution in PBS were added to each well. The plates were incubated 37°C for 4 h and the formazan crystals were dissolved by adding 100 ml dimethyl sulfoxide (DMSO) to each well. The absorptions were measured in triplicate at 570 nm. Results were recorded as percentage absorbance relative to untreated control cells. The cytotoxicity assay results were used to calculate cell viability after incubation with polymers as follows:
where X is the absorbance in a well containing a particular polymer concentration and X c is the absorbance for untreated control cells.
RESULT AND DISCUSSION
In this preliminary study, pectin/ PVP based hydrogels has been synthesized containing varying amount of PVP ratios by crosslinking with GA. The FTIR spectrum of pectin/ PVP hydrogel membranes indicates lowering in the intensity of -OH stretching vibration peaks as compared to usual -OH stretching vibration peak at 3,402 cm −1 in pectin. This can be attributed to the presence of hydrogen bonding between pectin and PVP. This indicates the proper molecular interactions between the two polymers pectin and PVP. The X-ray diffraction studies of raw materials (pectin and PVP) and pectin/PVP-blended membranes in different ratio of PVP indicate that change in crystallinity was observed from crystalline to amorphous phase. This may be attributed to the fact that increase in PVP ratio in membranes leads to a disruption in the crystalline regions of pectin due to increase in the amorphousity of the blended membranes. The DSC study shows increase in glass transition temperature (T g ) of the pectin/PVP-blended hydrogel (PEVP-5) with increase in PVP, which indicates the miscibility of pectin and PVP due to the formation of intermolecular hydrogen bonding between hydroxyl group (-OH) of pectin and carbonyl group (-C=O) of PVP (Fig. 1) . This has been also confirmed by the FTIR spectra of the prepared hydrogels. The presence of single T g in the PEVP-5 indicates the completely miscible nature of the blend with a homogeneous amorphous phase. Few workers have reported similar results during their studies on miscibility behavior and hydrogen bonding in blends of poly (vinyl phenol) and poly (vinyl pyrrolidone; 29). The mechanical properties of the blended membranes were found to be much higher than pectin and PVP. The tensile properties of blend membranes indicate that PVP significantly improves the mechanical properties of the composite membranes and the enhancement of tensile strength may be due to the formation of hydrogen bond between pectin and PVP which leads to the formation of intermolecular complex or the physical crosslinkage. The swelling behavior of pectin/PVP hydrogels (PEVP-1 and PEVP-5) indicates that maximum swelling was obtained at alkaline pH (pH 7.4) as compared to acidic pH (pH 1.4). This is attributed to the highly hydrophilic nature of PVP and complete dissociation of carboxymethyl groups (COOCH 3 ) present in pectin at higher pH. It shows the pH dependent swelling behavior of the prepared hydrogel membranes. It has also been observed that swelling increases with increase in PVP ratio in the blended membranes. The higher swelling was observed in the membrane, which is designated as PEVP-5. It has been observed that there is a direct correlation between swelling behavior and antibiotic release properties of the hydrogels. The drug release study indicates that different pH buffer solutions (pH 1.4 and pH 7.4) have pronounced effect on salicylic acid (SA) release through the pectin/PVP hydrogel. The maximum SA release was observed at pH 7.4 as compared to pH 1.4 and distilled water. The matrix systems developed by us were studied in an environment having abundant amount of dissolution media. This is why the release of the drug was quicker and the equilibrium reached at ≈3 h. The fast SA release at higher pH is a desirable feature for controlled release systems operating in alkaline environment of small intestine i.e. colon. The pH sensitive swelling and subsequent drug release will thus assure that antibiotic can be released only at high pH in small intestine rather than at low pH in stomach. The SEM study of pectin/PVP hydrogels indicates completely different surface morphology than the raw materials pectin and PVP. The SEM micrograph of both the hydrogels (PEVP-1 and PEVP-5) indicates that the complete diffusion of drug occurs from the matrix. 
Characterization
FTIR Characterization
The FTIR spectra of pectin and pectin-PVP blended hydrogel membranes are shown in Fig. 2 and the peaks assigned were listed in Table I . The FTIR spectra of pectin hydrogel show clear absorption peaks at 3,402, 2,932 cm
, that was due -OH and -CH stretching vibration peaks. The peaks at 1,454 and 1,357 cm −1 could be assigned to CH 2 and -OH bending vibration peaks respectively. The FTIR spectra of pectin/PVP blended hydrogel membranes (PEVP-1, PEVP-5) shows that there are common peaks were observed between 1,630-1,660 cm −1 in all the hydrogel membranes, which are corresponding to amide (I), and also corresponding to the -CO and -CN groups (30) . The formation of hydrogen bonding weakened the strength of carbonyl bond of PVP in all the hydrogel membranes and shifted the carbonyl stretching to lower frequency (31) (32) . This lowering in frequency of the -OH groups can be accounted due to presence of hydrogen bonding in the hydrogel membranes. The peaks between 2,930-2,970 cm −1 indicate presence of -CH stretching vibration peak and peaks between 1,420-1,460 cm −1 indicate -CH bending vibration peak. The presence of peaks in the range of 1,740-1,760 cm −1 can be accounted due to the presence of carboxy methyl groups (-COOCH 3 ) in the hydrogel membranes. The peaks at 1,030, 1,017, 1,042, 1,023, 1,17 cm − shows the presence of -CN stretching vibration peak in the hydrogel membranes. 
XRD Characterization
The XRD pattern of pectin, PVP and pectin/PVP blended membranes are depicted in Fig. 3 . The X-ray diffractogram of PVP shows two broad peaks at 2θ equals to 11. o θ-3 o θ, it can be attributed to the amorphous nature of PVP (33) . The result shows that with increasing ratio of PVP the crystallinity of the blend membranes decreases as compared to parent pectin, it might be due to disruption of the crystalline fractions of pectin with increase in PVP ratio in the blended membranes. From the XRD plots of the pectin, PVP and pectin/PVP blended membranes the percent crystallinity was calculated and it was found to be 42.89, 20.03, 27.69, 14.02, 14.42, 16.55 and 6.77% respectively (Table II) . It shows a considerable decrease in crystallinity of the blended hydrogel membranes with increase in concentration of PVP. However, a slight variation in percent crystallinity of the membrane was observed which is designated as PEVP-4.
DSC Study
The DSC thermograms of pectin and pectin/PVP blended hydrogel membrane (PEVP-5) are presented in Fig. 4 . The DSC of pectin shows a small endothermic peak at 95°C, which is corresponding to the glass transition temperature (T g ) of pectin; it can be also associated with the elimination of bound water in the pectin sample. There is another endothermic peak was observed near 137 Superscript>/Superscript>C it can be assigned to melting temperature (T m ) of pure pectin. From the thermogram of PVP (Fig. 4) it can be observed that, it shows a sharp endothermic peak at 140°C, it is corresponding to T g of pure PVP, which is less than the T g reported by few workers (34) . The thermogram of pectin/PVP membrane shows an endothermic peak near 158°C. This endothermic peak shows the glass transition (T g ) temperature of the blended membrane. These peaks were assigned due to the elimination of water and formation of complex between the pectin and PVP molecules. This shows that there is increase in T g of the pure pectin after blending with poly vinyl pyrrolidone. This increase in T g may be attributed to the presence of intermolecular hydrogen bonding between pectin (-OH) and PVP (-C=O).
Tensile Study
The tensile strength of the pectin and PVP membrane were found to be 0.50 and 1.4 MPa respectively. The tensile strength of the pectin/PVP blended hydrogel membranes in dry state are shown in Fig. 5 . From the figure, it can be observed that the tensile strength of the Pectin/PVP hydrogel membranes increases considerably with increase in concentration of PVP. The highest tensile strength 72.29 MPa was observed in the case of the hydrogel membrane, which is designated as PEVP-5 (1:1), and was found to be higher than the tensile strength of skin (34 MPa) (35) . This increase in tensile strength of the hydrogel membranes with increase in PVP ratio may be attributed to the restriction in the mobility experienced by the polymer chains in the pectin-polyvinyl pyrrolidone complex that have electrostatic attraction with another polymer chain. However, a slight variation in % elongation at break was observed for pectin and PVP blended membranes.
Swelling Study
The crosslinked pectin/PVP hydrogel membranes (PEVP-1, PEVP-5) were allowed to swell in 25 ml of buffer solutions of pH 1.4, 5.4, 7.4 and 9.4. Figure 6 shows the swelling behavior of crosslinked pectin/PVP hydrogel membranes. The result indicates that swelling was found to increase with pH for both compositions of pectin/PVP hydrogels (PEVP-1 and PEVP-2). It has been observed that maximum degree of swelling (295% and 175%) was observed at pH 7.4 as compared to pH 1.4. Since the apparent pK a value of pectin of different degree of esterification (DE) ranges from 3.55 to 4.10 (36) , hence at pH value lower than the pK a value, the carboxymethyl groups (-COOCH 3 ) of pectin are completely collapsed and which results in low degree of swelling. In addition to this hydrogen bond formation occurs between hydroxyl group (-OH) of pectin and carbonyl group (-C=O) of PVP, which further leads to low degree of swelling at the said pH. However at higher pH (pH 7.4) values than the pK a value, the swelling of the hydrogel increases because of dissociation of the hydrogen bonding between hydroxyl group of pectin and carbonyl group of PVP. Similar results have been reported by few other workers for swelling behavior of crosslinked PVA/PVP and PVP/AAc hydrogels at varying pH buffer solutions (37) (38) . After pH 7.4 there is a decrease in swelling because of the partial solubility of the crosslinked hydrogels (39) .
Drug Release Study
The release of water-soluble drugs, entrapped in hydrogels, occur only after water gets in to the polymer networks to swell and dissolve the drug, fallowed by that drug diffuses out through the aqueous pathways to the surface of the device (40) . The SA release profile of the drug loaded pectin/PVP hydrogel membrane (PEVP-5) in different release medium, pH 1.4, pH 7.4 and distilled water has been presented in Fig. 7 . From the percent release profile of the hydrogel membrane at pH 7.4 it has been observed that total 65% drug release occurred in 15 min, whereas in pH 1.4 and distilled water total 55%, 48% drug released in 15 min. After 3 h the release pattern shows that at pH 7.4 total 85% drug released fallowed by 82% and 72% drug release at pH 1.4 and distilled water respectively. It can be suggested from the results that the amount of SA release in pH 7.4 was higher than release medium of pH 1.4 and distilled water. It can be correlated with the swelling behavior of the pectin/PVP hydrogel membranes (Fig. 6 ), where the swelling increased when pH of the medium changed from acidic to mildly basic. At high pH the carboxymethyl group in the pectin/PVP complex gets ionized and as a result the -COO − groups repel each other, which lead to higher swelling and SA release from the prepared hydrogels.
Drug Release Kinetics from the Hydrogels
The relaese kinetics from the hydrogel (PEVP-5) in different release medium (pH 7.4, pH 1.4 and distilled water) indicates that it follows Fickian kinetics, which shows a diffusion controlled drug release process (Fig. 8) . Diffusion system may release drug following higuchian or Fickian kinetics. The rate of release of a drug dispersed as a solid in an inert matrix has been described by Higuchi (41) (42) (43) . In this model, it is assumed that solid drug dissolves from the surface layer of the device first when this layer becomes exhausted of the drug; the next layer begins to be depleted by dissolution and diffusion through the matrix to the external solution. In this fashion, the interface between the region containing dispersed drug and that containing dispersed drug moves into the interior as a front. For the purposes of data treatment the above model is depicted by the following equation;
Where M is the mass of the drug released per unit area, k is a constant, so that a plot of amount of drug released versus the square root of time, t, should be linear if the release of the drug from the matrix is diffusion controlled.
MTT Assay
MTT assay was performed to measure change in viability of B16 melanoma cells after incubation with pectin: PVP hydrogel membranes. The relative percent cell viability with respect to concentration of pectin/PVP hydrogel membranes are presented in Fig. 9 . The figure shows that the pectin/PVP hydrogel membranes did not induce significant cytotoxic effect even at higher concentration of the polymer solution used, it indicates the biocompatibility of the pectin/PVP hydrogel membranes.
Scanning Electron Microscopy
The SEM micrographs of pectin, PVP and pectin/PVP hydrogel membranes (PEVP-1 and PEVP-5) are shown in Fig. 10 (a-f) . It can be observed from the SEM micrograph of Fig. 9 . Cytotoxicity test of pectin/PVP hydrogel membranes (1=1 μg/l, 2=10 μg/l ,3=100 μg/l, 4=200 μg/l, 5=300 μg/l) Fig. 10 . SEM micrographs of pectin, PVP, PEVP-1 (before diffusion), PEVP-1 (after diffusion), PEVP-5 (before diffusion), PEVP-5 (after diffusion)
pectin that it shows discrete elongated granular structures separated from one another. Whereas the surface topology of PVP indicates a spherical shape type morphology. The SEM micrograph of PEVP-1 shows circular pits, which confirms that drug, has diffuses out of the matrix using leaving behind the empty channels. The SEM of PEVP-5 shows capsules type morphology, which indicates that drug was adhered on the surface of the matrix, whereas after diffusion it shows clear island type morphology. This confirms that SA was incorporated in to the hydrogels by diffusion method and it also suggests that it fallows Fickian kinetics for SA release through the hydrogels.
CONCLUSION
The present work confirms the successful development of Pectin/PVP based novel hydrogel membranes. The membranes show pH sensitive swelling and controlled drug release behavior; these properties make these hydrogels a promising candidate for different biomedical applications, such as controlled drug delivery systems etc.
